ABSTRACT: Sycamore (Acer pseudoplatanus L.) seeds are frequently used in forest nurseries and therefore the knowledge of their proper treatment is desirable. Seed stratification recommended by the Czech standard is two months but there are not many studies which review the appropriate length in Central European conditions. The paper evaluates the influence of seed stratification length on their germination capacity. The seed samples were treated in different ways to evaluate their reaction to these different handling conditions. The data proved a significant increase of germination after 42 days of stratification. The data also suggests that the better stratification medium is a substrate than wet filter paper.
JOURNAL OF FOREST SCIENCE, 60, 2014 (5): 212-217 Sycamore (Acer pseudoplatanus L.) is the most wide spread maple in Europe (Rusanen, Myking 2003) and the same applies to the Czech Republic. Sycamore trees have been found from uplands to the mountains, they are the most common at the elevation of 600-900 m a.s.l. (Jeník 1961) .
Sycamore is a shade tolerant species, however, in maturity it could grow also under full sunshine conditions. Good soil conditions with good nutrient and water supply are preconditioned for good growth and therefore it belongs to a high demanding species (Slávik 2004) . Th e species is also sensitive to hard frost (Musil 2005) .
Th e actual maple share in Czech forests according to the report on Czech forests and forestry (Anonymous 2011 ) is 1.3%, while originally it was only 0.7% and it is expected to increase to 1.5%.
Sycamore seeds have two-wing achenes containing a single seed without endosperm (Carl, Snow 1971) . When fully matured, the seed has dry wrinkled features (Palátová 2008) . They are fully matured in September and fall down from October to November (Musil 2005) .
The mast year usually occurs every third year (Suzska et al. 1996) . There are large differences in seed production among stands and even within one stand among trees (Bjorkbom 1979) .
Th e pericarp covers the embryo with the testa. Storage tissue supports the embryo growth after fertilization. Th e testa is developed before fertilization and after its maturation period the seed ends its evolution (Kupka 2005) . Th e existence of the testa is the main source of dormancy (Booner 2008) .
Seed vitality is the highest after the maturation period and then its vitality is dropping down. Aging leads to a decrease in the germination capacity. Aging is manifested by colour changes. Th e seeds are intolerant to unfavourable storage conditions that can cause the worse germination of seedlings (Procházková 2010) . Th e seed size seemed to be clearly correlated with germination within the species (Ahirwar 2012) . Th is fact was confi rmed by many authors (Ledgard, Cath 1983; Murali 1997 ) who found out that the seed weight is positively correlated with the viability of seeds.
Dormancy is the last phase of the seed maturing process. Dormancy is an important quality for the survival of the species as it shifts the germination in time and space and infl uences the geographical distribution of the species (Bewley, Black 1982) .
Sycamore seeds have two types of dormancy: (i) embryonic (physiological) and (ii) morphological (caused by the testa). Embryonic dormancy started even in the tree crown. Th e seeds at the end of their maturation do not germinate even after removal of the testa (the testa removal takes away morphological dormancy) while mature seeds after the testa removal germinate easily at the temperature of 20°C (Procházková 1993) . Th e testa dormancy of mature seeds is caused by an impermeable seed coat which prevents the washout of inhibitors from the embryo (Webb, Wareing 1972) .
To overcome dormancy, the seeds should be wet and stratifi ed. Th e stratifi cation of sycamore seeds is usually done in a wet medium -e.g. sand (Procház-ková 1993) at a temperature of 1-5°C for 40, 60 or 120 days (Vincent 1965; Schopmeyer 1974; Tóth, Garrett 1989) . Suzska et al. (1996) proposed the seed stratifi cation from 56 to 84 days. Th e stratifi cation length is unclear for many species as well (Martiník, Palátová 2012) .
Th e recommended temperature for stratifi cation of sycamore seeds is 1-5°C. Th e proper stratifi cation period could diff er for seeds from the same tree according to the crop year (Procházková 1993) . Sycamore seed stratifi cation for 2 months is required by our standard but so far there have not been many results confi rming this prerequisite (Procházková 1992) . Suzska et al. (1996) recommended a stratifi cation period from 8 to 12 weeks, proposing the period could be even longer. Cold during stratifi cation must act on wet seeds, not on dry seeds. During stratifi cation there is a gradual degradation of abscisic acid (ABA) and an increase in levels of gibberellins (Zasada, Strong 2008) . Th e seed quality is infl uenced by the origin of the parent tree and the better category of reproductive material means usually better seed quality (Procház-ková, Bezdková 2007) .
Th e research was initiated in the framework of CIGA project "Th e infl uence of brassinosteroids on seed germination rate and performance of selected forest tree species" as a parallel process to evaluate the germination without the steroid infl uence.
The purpose of this paper is to evaluate the influence of the sycamore seed stratification length on germination capacity. The second goal of the paper is to evaluate the influence of stratification medium on the germination level.
MATERIAL AND METHODS
Seed material was gathered from three parent trees of the family which belongs to the category Qualified and one seed unit from a forest stand (Source-identified category). The category of reproductive materials expresses the quality and the origin of the reproductive material. Council Directive No. 1999/105/EC in Article 2 gives the definitions of four categories of reproductive material to which these two categories belong, i.e. Source-identified and Qualified categories. The samples were labelled Q1, Q2, Q3 for Qualified category and one seed unit from a forest stand (Source-identified category) was labelled as I1. All seed units were collected at the same time. The origins are identical (provenance zone number 16, vegetation zone number 4). All trees were dominant trees (tree class 2) with very good quality of crown and stem.
Collected seeds were stored at a low temperature (1-4°C) in airtight plastic bags before the tests started. Four samples (100 seeds) were prepared from each of these four seed units for the tests. The basic information and overview of the used seed material are given in Table 1 .
Quality variation of seed is well known and it could strongly influence results and quality evaluation (Procházková 1992) . Therefore the first step was to do basic quality tests to evaluate the seed quality. The quality tests were as follows: -viability (immersing the seeds in tetrazolium staining solution and their colour assessment), -weight of 1,000 seeds, -moisture content.
Th e tests were executed according to the Czech standard (Anonymous 2006) and ISTA Working Sheets on Tetrazolium Testing (Anonymous 2003) .
The design of the investigation was to evaluate three variants of stratification length for two different germination periods as both time frameworks have not yet been supported by large research and data confirming the time period for proper seed treatments are rather poor. The details are given in Table 2 . The series of stratification periods starting from 21 days and their multiples was used in order to obtain a time series which gives a possibility to evaluate the proper stratification length. The longer stratification period was not possible as sycamore seeds started geminating spontaneously after 63 days of stratification.
Th e most common procedure recommended by the Czech standard (ČSN 48 1211) is two months of stratifi cation and 21 days of germination test which corresponds to the samples labelled S63G21.
Tests were done in a certified laboratory of the Forest and Game Management Research Institute, Kunovice research station. Each treatment has 4 samples of 100 seeds (replications). Stratification was carried out in a wet mixture of sand and peat (1:1), substrate moisture was at least 30%, temperature between 1°C to 5°C. The samples were moved to the temperature of 20°C for the germination test when the given stratification period was over. The germination test lasted for a given number of days ( Table 2 ). The criterion for germinated seeds was the germ length longer than the seed size. The germinated, fresh but not germinated, and dead seeds were recorded when the germination tests were completed.
The germination rate on wet paper could be different from that in wet substrate and therefore the germination on wet filter paper was carried out as well. The procedure was the same as the Czech standard proposes, i.e. stratification for 2 months (63 days) and 21 days of germination where the medium was wet filter paper.
Data were statistically tested using the STA-TISTICA v. 9.1 software (SPSS, Tulsa, USA). The equality of variances was tested by Levene's test. After the data confirmed their equality, the differences were tested by multi-factorial ANOVA. The significance of differences on the level P = 0.05 was evaluated by Tukey's test.
RESULTS AND DISCUSSION
The basic seed quality evaluation of sycamore seeds was the first step of the procedure. The data are given in Table 3 .
Th e moisture is not signifi cantly diff erent between the samples (seed units), but there are statistically signifi cant diff erences in weight between all the units of qualifi ed category, i.e. Q1, Q2, Q3. It could be expected that the seed moisture is a driving variable for the weight diff erences. It should be pointed out that the seed collection was executed on the same day and storage conditions were also identical. It shows a high variation in the weight of sycamore seeds coming from the same region not infl uenced by the time of seed collection or storage conditions.
The fourth tested unit I1 (source-identified category) has significantly heavier seeds than the value given in the Czech standard. It shows that even the source-identified category, which is the lowest category in respect of the genetic source quality which indirectly corresponds with seed quality, could have high weight which is usually connected with higher vitality. Vitality (expressed by evaluated viability) of the investigated samples was not different from the Czech standard and the samples were not significantly different from each other except of the unit Q3 which has the vitality value slightly below the Czech standard.
Stratification is the final period of seed ripening for dormant seeds. However stratificationnamely its cold phase -is a complicated and not fully understood process. The germination tests after different stratification length reflect the influence of the pre-treatment on germination capacity. The results are given in Table 4 .
Results clearly show that the length of stratification period strongly influences the germination capacity. The "standard" level of germination was reached after 2 months of stratification (63 days) while in the shorter periods the germination capacity was significantly lower (about less than 20%). The data confirm clearly that the stratification period should be longer than 42 days. The data suggest that the critical length of stratification period is very much close to 63 days (Table 4 ).
The development of germination capacity is illustrated in Fig. 1, showing a large gap between the germination for the period of 21 days (G21) and especially for 42 days (G42) for the short stratification length (between 21 and 42 days). The difference is much smaller for the stratification length of 60 days and longer. Similar results were described by many authors (Webb, Wareing 1972; Schopmeyer 1974; Tóth, Garrett 1989; Suzska et al. 1996) .
Th e insuffi cient stratifi cation length is substituted by a longer germination period in the case of 42-day germination period (G42), which is not the case of 21-day germination period (G21). A longer stratifi cation period (about 60 days and more) dramatically decreases the gap between these diff erent germination capacities confi rming that the stratifi cation length should be lying within this period. Suzska et al. (1996) recommended for fresh sycamore seeds the stratifi cation period of 8 to 12 weeks, i.e. 56 to 84 days. Our data falls within the declared period.
Another interesting topic was the infl uence of stratifi cation medium on the germination potential. Two diff erent media (wet mixture of peat and sand and wet fi lter paper) were used for the test. Th e infl uence of stratifi cation medium on the germination level is shown in Fig. 2 .
Th ere are statistically highly signifi cant diff erences between these diff erent stratifi cation media (on the signifi cance level P = 0.01) for all seed units and categories. Th e germination rate of sycamore seeds on wet fi lter paper is by 38.6% lower on average than in substrate. A possible explanation could be the poorer contact of seeds with the wet medium (fi lter paper), which slows down the internal processes in seeds. However, this hypothesis needs more investigations based on larger data sets than it was done in this study. The germination capacity of seeds which were not stratified long enough (less than 63 days) is however better if they have a longer period for germination, in other words the germination is slower under these conditions and did not reach the expected germination capacity level within the standard time framework (compare data on the treatment labelled S42G21 and S42G42 where the germination period of 42 days increased the germination by 37% on average).
However, when the stratification is done properly for a recommended length, then the germination is not significantly different for the period of 21 or 42 days (compare data on the treatment labelled S63G21 and S63G42 where the germination period of 42 days did not increase the germination significantly). 
CONCLUSIONS
Our data proved that the stratifi cation is an indispensable process for the good germination rate. Th e germination rate has been low or nearly zero without stratifi cation, while seed stratifi cation increased (four or even fi ve times) the germination capacity of the seed according to the data in Table 4 . Th e right time framework for the stratifi cation of sycamore seeds is about 60 days.
When the stratifi cation is done properly, the germination length of 21 days should be enough. Th e data also suggest that the substrate (wet sand and peat) seems to be a better stratifi cation medium than the wet fi lter paper giving more stable and reliable results of germination rate. substrate fi lter paper substrate fi lter paper Stratifi cation medium Stratifi cation medium Germination (%) Germination (%) Fig. 2 . Th e infl uence of stratifi cation medium on germination rate under standard conditions (germination capacity of sycamore seeds stratifi ed for 63 days at 1-5°C and then germinated at 20° C on sand-peat substrate or fi lter paper)
